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1. INTRODUCTION

The debate within the scientific community
as to whether the Earth’s climate is
undergoing a long term significant warming
due to an increase in "greenhouse" gases has
been ongoing for a number of years
(Schneider 1990; Kellogg 1991; Michaels
and Stooksbury 1992).  The average
temperature at Caribou, Maine during the
decade 1980-1989, increased by 0.5°F over
that of the previous decade. This was also
the warmest of the five complete decades for
which temperature records have been
recorded at Caribou. While this is
consistent with the trend noted at many
other locations around the world (Duchon
1986; Iovino 1991; Conover 1992), the
cause of this increase in temperature cannot
conclusively be linked to an increase in
"greenhouse" gases. This study does not
seek to prove or disprove the theory that
global warming is occurring due to an
increase in greenhouse gases. Rather, the
goal of this study is to present the trends in
annual and seasonal average temperature that
have occurred at Caribou, Maine over the
past 51 years of observation.

2. PROCEDURE

Average temperatures on an annual (Table
1) and seasonal (spring, summer, fall, and
winter) basis (Table 2) for the years 1940
through 1990 were examined. The intent
was to ascertain the temperature trends of
the data over the period of analysis. It was
determined that the location of the
temperature sensor in Caribou, has only
undergone minor changes throughout the
period of record. Therefore any changes in
the temperature record cannot be attributed
to a change in temperature sensor location.
Weather observations began to be taken in
Caribou, Maine on January 16, 1939.
However, since data were not available for
the entire year of 1939, this year was not
used for this study.

Due to the highly variable nature of annual
and seasonal average temperatures, 15-year
running averages (Tables 3 and 4) were
calculated. This time period compensates
well for interannual and intraannual
variability.  Ten-year running averages
contained too much variability, while 20
year running averages produced too few data
points. By using 15-year periods, 37 data



points were generated. The first 15-year
period ran from January 1, 1940 to
December 31, 1954, while the last 15-year
period was from January 1, 1976 to
December 31, 1990.

Linear regression analysis was applied to
each of the 15-year running average data
sets. The corresponding equation was then
used to produce a regression line from the
data points. This line depicts the trend of
the data over the period of study and is
illustrated as a thin solid line on the graphs
of the 15-year running averages.

The arithmetic mean of the seasonal and
annual average temperatures were also
computed. This value is illustrated as a
horizontal thin solid line on the average
temperature graphs.

It should be noted that while the winter
season (Dec.-Feb.) covers two separate
years, each season has been represented by
a single year, corresponding to the year in
which the majority of the season (Jan. and
Feb.) occurs. For example, the winter
season of 1939-40 is presented as 1940.

3. RESULTS
a. Spring

The regression line for the 15-year running
average of the average spring (Mar.-May)
temperature (Figure 1), shows a distinct
warming trend with much of the warming
occurring during recent 15-year periods.
The temperature variation for the 15-year
running averages is 2.7°F. The coldest
temperature was 36.1°F (1943-57), while
the warmest temperature was 38.8°F during
the final 15-year period. The equation

generated by the regression analysis is:
y = -75.83 + 0.0577x. (1)

The correlation coefficient from the analysis
is 0.75, indicative of a substantial trend
(Mendenhall and Sincich 1984).

The increase in the 15-year running average
over the last 15 periods is illustrated in
Figure 2. Of the last 15 years, 11 are
above the sample mean, with one being
equal to the average. Included in this period
is the warmest spring on record in Caribou.
The effect of these seasons on the sample
mean is certainly not trivial. Of the first 36
seasons, 20 were below the sample mean,
while 15 were above.

b. Summer

A similar trend is apparent in the 15-year
running average for the average summer
(Jun.-Aug.) temperature (Figure 3). The
regression line again shows a distinctive
warming trend. Most of the warming
occurred between the 15-year periods 1954-
68 and 1967-81. After the end of the 28
year warm period, the 15-year running
average leveled off and started to decrease.
There was a 2.0°F temperature variation for
the period of study. Values ranged from a
minimum of 61.7°F for the period 1950-64,
to @ maximum of 63.7°F during the periods
1967-81 and 1970-84. The regression
equation for the summer data is:

y = -40.10 + 0.0525x. (2)
The correlation coefficient was 0.71.

From 1967 to 1984, there was a period of
summer seasons that ran well above the
sample mean (Figure 4), leading to the peak



in the 15-year running average. As with the
spring season, many of the seasons over the
first two-thirds of the study period fell
below the sample mean. In fact, only 5 of
the first 19 seasons were warm enough to
rise above the sample mean. The other 14
"cool" summer seasons resulted in the
lowest 15-year running averages.

c. Fall

In contrast to the spring and summer
seasons, the 15-year running average of the
average fall (Sept.-Nov.) temperature
exhibited a cooling trend over the period of
study (Figure 5). Much of the cooling
during the fall season has occurred since the
1957-71 period. The warmest 15-year
period average temperature was 43.4°F
during the period 1947-61, while the coldest
15-year period average temperature was
41.9°F during the period 1972-86. This
sample showed a variation of 1.5°F. The
regression equation for the fall data is:

Similar to the spring and summer seasons,
the correlation coefficient was 0.75.

An examination of the average fall season
temperatures (Figure 6) revealed that since
1972, only 6 of the 18 seasons were above
the sample mean. Prior to 1972 there were
6 straight seasons with temperatures above
the sample mean. Furthermore, the decline
in seasonal average temperature at the end
of the study period is clearly illustrated.

d. Winter
The 15-year running average of the average

winter temperature (Figure 7), also showed
a cooling trend over the period of study.

The greatest period of cooling occurred
between 1949-63 and 1963-77. Since the
1963-77 period, the 15-year running average
has increased. The temperature variation in
the 15-year running average was 2.0°F.
The warmest temperature occurred during
the period 1949-63, with a maximum
temperature of 14.2°F. The coolest
temperature occurred during the period
1963-77, with a value of 12.2°F. The
resulting regression equation from the winter
data is:

y = 75.52 - 0.032x. (4)

The regression analysis yielded a correlation
coefficient of 0.33.

The sizable intraannual temperature swings
that occurred during the winter season are
illustrated (Figure 8). The decade of the
1950s was noted for some very mild winters
in Caribou, with only two seasons falling
below the sample mean. However, it is
interesting to note that the winter of 1959
was the coldest winter on record in Caribou.

The decade of the 1970s produced several of
the coolest winter seasons on record. Only
three of the seasons were warmer than the
sample mean, with one being equal to the
sample mean. In contrast to the 1950s, the
winters of the 1970s were responsible for
the coldest temperatures in the 15-year
running average (Figure 7).

e. Annual

Analysis of the 15-year running average for
annual average temperatures (Figure 9),
revealed a warming trend over the period of
study. The temperature variation for this
period was 0.7°F, with a minimum of
38.6°F for the period 1940-54 (also 1962-



76), and a maximum of 39.3°F for the
period 1973-87 (and also 1976-90). For the
annual data, the regression equation is:

y = 18.12 + 0.0l1x. (5)

Despite the relatively high correlation
between the change in temperature and the
change in time for the spring, summer, and
fall seasons, the resulting correlation
coefficient for the annual data was only
0.35.

The annual average temperature (Figure 10)
shows that the final 15 years have led to an
increase in the 15-year running averages
(Figure 9).

4. CONCLUSION

Regression analysis has shown that the
average annual temperature at Caribou,
Maine has warmed over the last 51 years.
However, the cause of this warming is
unknown. Any relationship between the
total annual increase in temperature and the
"greenhouse" effect, or other natural
changes in the Earth’s climate, is yet to be
determined. Overall, the magnitude of the
spring and summer average temperature
increases have been larger than the fall and
winter average temperature decreases.
Consequently, this has resulted in an
increase in the annual average temperature.

This study has illustrated many interesting
features about the temperature characteristics
at Caribou, Maine over the past 51 years.
The results suggest that a more detailed
study, which makes use of more
sophisticated statistical analysis techniques
is warranted.
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Average Average

Year Temperature Year Temperature
1940 37.2°F 1966 40.3°F
1941 38.0°F 1967 38.2°F
1942 38.9°F 1968 39.2°F
1943 36.3°F 1969 40.1°F
1944 38.7°F 1970 39.6°F
1945 38.9°F 1971 38.3°F
1946 38.1°F 1972 36.2°F
1947 38.8°F 1973 40.4°F
1948 38.1°F 1974 37.9°F
1949 39.5°F 1975 39.0°F
1950 38.7°F 1976 37.1°F
1951 39.2°F 1977 39.5°F
1952 5 39.7°F 1978 38.4°F
1953 41.1°F 1979 41.8°F
1954 38.5°F 1980 38.7°F
1955 38.6°F 1981 41.3°F
1956 37.8°F 1982 39.0°F
1957 38.9°F 1983 40.4°F
1958 38.4°F : 1984 39.7°F
1959 39.0°F 1985 38.1°F
1960 40.4°F 1986 38.1°F
1961 39.2°F 1987 39.9°F
1962 38.0°F 1988 39.4°F
1963 37.9°F 1989 38.0°F
1964 38.6°F 1990 40.7°F
1965 37.6°F

Table 1. Average Annual Temperatures for Caribou, Maine 1940-1990.



Spring Summer Fall Winter

Average Average Average Average
Year Temperature Temperature Temperature Temperature
1940 36.2°F 61.0°F 40.1°F 13.3°F
1941 36.5°F 61.1°F 40.9°F 11.6°F
1942 39.8°F 62.7°F 43.1°F 12.5°F
1943 32.1°F 61.1°F 42.5°F 9.4°F
1944 35.2°F 63.7°F 43.7°F 11.0°F
1945 39.1°F 62.8°F 41.8°F 11.5°F
1946 37.1°F 61.1°F 44.6°F 10.0°F
1947 33.9°F 63.9°F 44 .4°F 12.8°F
1948 34.4°F 62.1°F 45.1°F 8.4°F
1949 37.4°F 64.3°F 41.8°F 14.5°F
1950 36.2°F 60.8°F 43.0°F 13.9°F
1951 38.9°F 61.1°F 42.4°F 17.0°F
1952 37.7°F 64.6°F 41.3°F 13.9°F
1953 38.7°F 61.8°F 45.1°F 17.4°F
1954 35.5°F 60.1°F 43.0°F 16.7°F
1955 35.9°F 63.8°F 42.2°F 15.1°F
1956 32.8°F 59.6°F. 42.2°F 15.3°F
1957 37.3°F 60.5°F 45.4°F 10.5°F
1958 40.1°F 59.9°F 41.5°F 17.4°F
1959 37.3°F 63.4°F 42.9°F 8.0°F
1960 37.8°F 62.8°F 43.7°F 17.8°F
1961 34.7°F 62.7°F 46.7°F 11.0°F
1962 38.7°F 61.0°F 41.1°F 12.8°F
1963 35.0°F 62.8°F 44.3°F 12.0°F
1964 37.7°F 61.1°F 40.4°F 12.7°F
1965 37.2°F 61.2°F 40.0°F 12.4°F
1966 38.3°F 62.2°F 43.1°F 16.0°F
1967 31.5°F 64.9°F 43.8°F 14.0°F
1968 38.8°F 61.5°F 45.0°F 11.1°F
1969 36.4°F 62.5°F 43.2°F 17.0°F
1970 38.0°F 65.8°F 45.3°F 13.3°F
1971 37.7°F 61.5°F 43.5°F 10.1°F
1972 35.1°F 62.2°F 39.9°F 8.8°F
1973 38.8°F 66.0°F 41.4°F 10.0°F
1974 34.3°F 63.9°F 41.1°F 13.8°F
1975 37.3°F 64.8°F 43.2°F 13.2°F
1976 37.4°F 63.4°F 38.8°F 9.9°F
1977 40.7°F 62.7°F 42.7°F 8.9°F
1978 37.0°F 64.0°F 39.9°F 13.1°F
1979 42.5°F 64.5°F 45.1°F 14.1°F
1980 39.3°F 63.4°F 40.6°F 14.8°F
1981 40.6°F 64.0°F 41.8°F 14.1°F
1982 37.7°F 61.8°F 44.0°F 12.8°F
1983 39.0°F 63.6°F 44.3°F 17.4°F
1984 36.1°F 63.5°F 43.2°F 14.5°F
1985 36.1°F 62.1°F 42.7°F 13.5°F
1986 39.8°F 60.1°F 39.2°F 12.0°F
1987 40.8°F 62.4°F 42.6°F 12.9°F
1988 39.0°F 63.4°F 42.1°F 14.8°F
1989 37.6°F 62.8°F 42.1°F 12.2°F
1990 37.8°F 65.3°F 43.1°F 10.8°F

Table 2. Seasonal Average Temperatures for Caribou, Maine 1940-1990.



15 Year Average 15 Year Average

Period Temperature Period Temperature
1940-54 38.6°F 1959-73 38.9°F
1941-55 38.7°F 1960-74 38.8°F
1942-56 38.7°F 1961-75 38.7°F
1943-57 38.7°F 1962-76 38.6°F
1944-58 38.9°F 1963-77 38.7°F
1945-59 38.9°F 1964-78 38.7°F
1946-60 39.0°F 1965-79 38.9°F
1947-61 39.1°F 1966-80 39.0°F
1948-62 39.0°F 1967-81 39.0°F
1949-63 - 39.0°F 1968-82 39.1°F
1950-64 38.9°F 1969-83 39.2°F
1951-65 38.9°F 1970-84 39.2°F
1952-66 38.9°F 1971-85 39.1°F
1953-67 38.8°F 1972-86 39.0°F
1954-68 38.7°F 1973-87 39.3°F
1955-69 38.8°F 1974-88 39.2°F
1956-70 38.9°F 1975-89 39.2°F
1957-71 38.9°F 1976-90 39.3°F
1958-72 38.7°F

Table 3. 15 Year Running Average - Average Annual Temperature
for Caribou, Maine.



Spring Summer Fall Winter

15 Year Average Average Average Average
Period Temperature Temperature Temperature Temperature
1940-54 36.6°F 62.1°F 42.9°F 12.9°F
1941-55 36.6°F 62.3°F 43.0°F 13.0°F
1942-56 36.3°F 62.2°F 43.1°F 13.3°F
1943-57 36.1°F 62.1°F 43.2°F 13.2°F
1944-58 36.7°F 62.0°F 43.2°F 13.7°F
1945-59 36.8°F 62.0°F 43.1°F 13.5°F
1946-60 36.7°F 62.0°F 43.2°F 13.9°F
1947-61 36.6°F 62.1°F 43.4°F 14.0°F
1948-62 36.9°F 61.9°F 43.2°F 14.0°F
1949-63 36.9°F 61.9°F 43.1°F 14.2°F
1950-64 37.0°F 61.7°F 43.0°F 14.1°F
1951-65 37.0°F 61.8°F 42.8°F 14.0°F
1952-66 37.0°F 61.8°F 42.9°F 13.9°F
1953-67 36.6°F 61.9°F 43.0°F 13.9°F
1954-68 36.6°F 61.8°F 43.0°F 13.5°F
1955-69 36.6°F 62.0°F 43.0°F 13.5°F
1956-70 36.8°F 62.1°F 43.2°F ‘ 13.4°F
1957-71 37.1°F 62.3°F 43.3°F 13.1°F
1958-72 37.0°F 62.4°F 43.0°F 13.0°F
1959-73 36.9°F 62.8°F 43.0°F 12.5°F
1960-74 36.7°F 62.8°F 42.8°F 12.9°F
1961-75 36.6°F 62.9°F 42.8°F 12.5°F
1962-76 36.8°F 63.0°F 42.3°F 12.5°F
1963=77 36.9°F 63.1°F 42.4°F 12.2°F
1964-78 37.1°F 63.2°F 42.1°F 12.3°F
1965-79 37.4°F 63.4°F 42.4°F 12.4°F
1966-80 37.5°F 63.6°F 42.4°F 12.5°F
1967-81 37.7°F 63.7°F 42.4°F 12.4°F
1968-82 38.1°F 63.5°F 42.4°F 12.3°F
1969-83 38.1°F 63.6°F 42.3°F 12.8°F
1970-84 38.1°F 63.7°F 42.3°F 12.6°F
1971-85 38.0°F 63.4°F 42.1°F 12.6°F
1972-86 38.1°F 63.3°F 41.9°F 12.7°F
1973-87 38.5°F 63.3°F 42.0°F 13.0°F
1974-88 38.5°F 63.2°F 42.1°F 13.3°F
1975-89 38.7°F 63.1°F 42.2°F 13.2°F
1976-90 38.8°F 63.1°F 42.2°F 13.1°F

Table 4. 15 Year Running Averages - Seasonal Average Temperatures for
Caribou, Maine.
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Figure 1. Regression analysis for the 15 year running average
spring average temperatures at Caribou, ME (1940-1990).
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Figure 2. Average spring temperatures for Caribou, ME from
1940 to 1990. (thin line is sample mean).
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Figure 3. As in Fig. 1 except for the summer season.

69.0 1
87.0
66.0 1
63.0 1

61.0 1

N e0®~Q®0

69.0 1
X

‘70] 1 1 1 i 1 '} 4 L 1 L
o TIT I T I T I T T T T T T irrrrrryrrrrryrrerivrireryyrrrreTedy

1940 1946 1960 1966 1960 %03 1970 1976 1960 19886 1990
ar

Figure 4. As in Fig. 2 except for the summer season.
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Figure 5. As in Fig 1. except for the fall season.
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Figure 6. As in Fig. 2 except for the fall season.
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Figure 7. As in Fig 1. except for the winter season.
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Figure 8. As in Fig. 2 except for the winter season.
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Figure 9. As in Fig. 1 except for the average annual temperature.
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Figure 10. As in Fig 2. except for the average annual temperature.
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